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Abstract. Using magnetic field, l,};,([, i ,1,!,  i), al,,l

flow observations from spacecraf(  fiy I Iy:. t,( : I\, f ,I)letsl

ElsiL~ser variables are deterrilined  irl (,! I(! , , .Ll,( ! wavi

prc,~]agatio]l  directions. We irlvcsti~,al,,(i ill{ (11 i:tL 1, i J]atll

of t}lc Giotto  spacecraft flyby o{ i [111111  [,~t iw)t, ,1 tsiclc

t}lc bow shock  (betweeu  10:36 a]{, { 1 [1. I I [ l’] t,,} llarc},

13,1986, corresponding to distar,  ces f,,,,,, 3. { x \ L6 kli}

to 1.? x 10 Gkrrl from the nucleus) afl.~ [)1{ i]t:,ijt  I and

o u t b o u n d  p a t h  o f  the ICE spar  c{:] aft flj l)! or : ( ,rf]ct

p/Giacobini-Zinncr  o u t s i d e  o f  t},r L<)v;  w , (1, 1,.veer)

00:00 a]d 9:2?4 UT a n d  bctwccr) 1>’ >!! ~ (I ;’3:’ !) [Jr-l’

on SeJ)tcrI~bcr 11, 1985, corres])orl~iirl~,  tcI c1 1.Li  rIr ! ;“rorl )

8 . 5  x  1 05  –  1.’2 x  1 05  k r n  fro]f~ ~tie l)t)<l~ ). ,.11(1  trc,n[

1.0 x 1 05 -9.3 x 105  km  from the ~)~1, 1( \,c, ~,i,({ 1 ,{ly).

‘1’he interaction of corrietary  pick uJ, i<,!,:. z,f, d tl,t +c)lar

. .
wmcl IS expected to generate waw+ ],rt, [,.; [,, ,t)r,  ~, I ,{ ,stly

antiparalle] to the background IIia~(l~. (i( ft( !:{ ‘J’}1 [,re-

ciicted wave propagation cornt)ine~ I v:i t II ()1 c I \ (, 1 Nave

modes gerieratccl  by the Ion cyclc)tror( rc .:, J,ti if , ir, :ihil-

. . . . . . . —_

Correspondence to:  soedingClgeo.uni  .koc!t, .(Ic

ity are cc,ri!~)ar( d v, ith observed wave properties. Three

modes  are ~,{x.~il,lc r i~,t (t-hand  polarized waves propa-

g,atir, g tc,\v:rd  t}, r ,$rrl, (R}l  - ) and left-hand polarized

W:LVI’  ~’[(’[’’~.’t  Ii toward  (1,~1”-  ) and away f r o m  t h e

Sar] (1/0 ). I’I;L’1[ a cx,j, ditions d ic ta te  that  the  RIf -

II IOCI( k tlIt II JI.1~ I]llstahle  mode and we find satisfac-

tory, agre(~[l( Ii\ I(rwccrl observed and predicted energy

f[ow di]cc~ic,rts )}, r(>,,ic~]m outside *C bow shock at llal-

ley ar, cl the Lov:  u~.ve at Giacobini-Zinner,  where local

cmllei ar.s ic)i) ],icku~, cc,]! ditions  dominate.

——..__—_ .——

1  Ill(roducli(l[f

III 1985 :ir, d 19$c, 1( 1; arid (liottc,  had their rendezvous

v;itli the c-c,r(lcts (;ia,  ot]ir]i-Zinner  (G-Z) and IIaIley,  re-

sl>ectively, AI,aly>Is .:, f the data from these encounters

IIaS rmuitmi  ill sif,], if: ant advances in the understanding

r.~f plam~a  ~,rc)cmw. I car active comets (see for example

the reviews  c] fNcu  F,cluucr (1990) and ‘1’surutani  (1991)).

hl ass Ic,adiriy, c]f the solar  wine{ by cometary ions is

the niai]l irit~ ra(:tio]l process in the outer cometary at-
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mcrsI)here and t}le solar wind. h’( utrtil~. su , 1111<1’ t I frolll

t h e  c o m e t  surface~drifts)away  fro!,, ~1,, C(,I I(I wi t, a vc

]ocity of about 1 km/s (Keller, 1{!76),  ‘J’IIc ), (It I’S a~(

io~lized by  p}lotoioniz  ation or t]} {:],<,TP, ~ \{ t,,..l~ , wit}i

solar wind ions. The typical tir,, c s,::,], f, r ) )r,,at II at I

AU is of the  c)rdcr of 106s. ‘I%us, aII  r~{( [I(I  :1 III!{ I !ctiorl

reg ion  i s  produced .  IrI the sc,lar wir,(l {I,il ,C L; ~ r l)e\\

trit,ution t r a v e l i n g  u].,strcam  at iill 11111 I;] ,If I :J,ivel,

b y

v II
Cosn = ivl.”[ill

(1)

where crist}lc  angle bctwcen  the i~ltt r[,l:;,,~z{,j  ] ,,, ]ictic

fie]d 13 and v with 00< a < 9(IC.  ‘J’t,ls  1,; ,, j, ) ,.,[ab]t

and leads tc) the generation of F)la..l]  l:) w :Jv{ ‘J 1,{. ,+.,avcs

propagate J,arallel  ancl antiparal)r] t,r] 1:

The waves  in teract  rcsonant]y  M i[li t} I ~,,}, 1, ic,lls

vla the  I)oj)p]er-shift,cd  ion  cycl(, i rC)II I t ,, II :t] ( I .ur LI.

tani and S1nith, 1986). The initial ril, [: I attl {1.lrilj~,.

tion of the r,ick-up  ions will bc scitt(r( ~ t a t i.l ,I(]ict,l

d i s t r ibut ion  in velocity space b) t],i. w,,, ;,:,L ( ~ lC ir,.

te tac t ion.  ])uring this process  t}, c i:,l,,  \v, II , ,s,. ~ r,orgy

which  becorrles available for wa\,L ~,r~ ~w {1 ‘[ 1,( : l(crgy

d i f f e r e n c e  t,ctween  the ring t)ci+,  ]i aI ! t! ( t i.] ,rical

distributiorl  is called free energy :it,d i-. ],(,  ill r, , ~iately

released as wave energy as shov; J~ I,j ) ii ~~ [(; Irst ), arl:l

Johnstone (1992) for the cor[let IIallrj

11, the  ]~rc;(  It },a]wr we u s e  Ek%.sscr  variables to

calc~.]late t}lc s~,c,:i(ic crlergy densities of waves propa-

F,at i Ig ir, <,],],o:it f directions. This study is based on

the assur(l~,ti(,r, that the waves are Alfv6nic  (non com-

j,rcssivc).  llsit~ a cfcscription  of the wave generation

und{r lcwal ])la+lri .~ cclnditions  and based on the ion

cyc]utr(ui  rc.(, fta], c( (’J’},orne and Tsurutani, 1987), pre

dict,ll  aII[l ol,xr,c I wergy transport are compared. A

case st (ld,v of t}ils Iia<l  b e e n  a l r e a d y  d o n e  fc~r IIalley

(Sbdin?,  c1 :.]., 1 !!!JE). IIere,  wc compare the results from

the iiallcy  CIICI.1(1111( r \vith new results  from the G-z en-

courller.

:? \\;lV< ($ IlfLJ ~,~  (1 ;Jl)S~lO~t

1 ‘ls&..eI- (i 9:,0) ir, (r ,duccs variables to simplify the nlag-

l!et(, ~,yclrc~cl:,, r,,. 111(< equatlo~ls. These Elsisser variables

[Ltc  (lefiIId t)y (’1 II (( al., 1 9 8 9 )

7,4 : v :/ VA (2)

whet ( VA cI( ]{(~tc. :}LC vcctc,r Alfv6n velocity. For a h~

rllot,cncous  :irid it,, lrrl]]ressitde plasma, Z+ describe the

two },0ss;1,1,  Al fv/r. ir wave modes propagating in opp~

site dirrc  ti<,lis ~ ]iic h I]lay possibld  interact non-linearly

writ]! ear II orl IcI }’z.rh  wave mode could have a different

c~rigi]l, so it is ~mssi},le tc, investigate the evolution of two

difl( rm,t Ih:jsical )))c,ccsses.

Shear  A I fvd!l  Wili,cs  propagate parallel and antipar-

allcl to tl,c l,la~,,,rti.  field D at t}~e Alfv&l speed. There

fore the Alfvil]  I( laI ic,n Z+ = const.  characterizes waves

],ro],ag;,tir,g  ~,arall{l to the background magnetic field

110 and 7,- : ( t,],s,.,  for antiparallel propagating wave9.

P(U3*  : 2 job: V3E. batro:  cljc.  ur?
.
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\Vave  Eric, gy Transport at lIallcy a,id (: ;’

L’tot = ; (p;-t + $;-) (4)

(5,)

q’}lus  J;+dcscribes thcencrgy  dc,,sify, f\v\, ~r ;a?,at

in.g antiparallc] to  1 ]0  a n d  11- vie \,t)s; ~ } t i If th(

arrlbient  n~aguetic  field i s  dircct(  d a~w! i,w[!j l] I  SUII,

h+ d e s c r i b e s  t h e  el,ergy  dertsitj  [,f w,:vt 1,, [, .iti; ,t,

towards t)kc Sun and E- away fr,,l,l fl, r S II

‘I’}le Elsj&scr ratio R~=-}~- /},+ )I,!l,l, t}l l,,cal~

direction  of the  Alfv&nwaves.  lc,l h’} > 1  ,,:.,, ;,,(,pa

gatingpara)lel toll. dominate al, d f(,r }:1 . :  I it i. thv

opposltc  case. For [aCl > 0.7 t}lerc is (,r,( i6 : ,r,,},~, :,, fv6rl

wave and for [uCl < ().7 there arc tw<) },}fv;]  v, ,\F . prop

agating in op})osite  directions.

l~)ourallalysis weuseddata fr{l,, [l,t (;, ,[[,, i.l the

I C E  sl}acecraft.  For IIalley  data fr{,]], tllr IIIY,IIL  IIrnc-

ter (MAc3) and the Johnstorie  pi;+.~l~la a!,; ly,.cl ,11’.A)

areuscd (Ncubauer  e t  a l . ,  1986,  JohtIs[c~ilt  (I 1 , .!/;6).

l'},erI,agnetic  field ar,dthe pla~I1,a,-l;tt,t a.\\, !lt.r{ ,ivc,)

M a 3 component vectcm, the tcn]}mral  ]c.crltir)l, ,s 8s

a n d  they  are given in a ]Ialley  solar c.]il]ti (I iSI ~ co-

o r d i n a t e  systcm. ]n this coordinat(  syst(~~l, LII ,~{ :.xis

3

~x,i[l~s towa]ds  ttc SUII along the Sun-comet line, the Y

axis is allti],~l;illtl  to the direction of planetary orbital

Ill[,tioll all[l t],+-  2 axis completes a right handed coordi-

nate Systt,ll

lr(II (;7, d,~taflorll the magnetometer and the solar

witld c]rclrc,  ri il($lrulricnt  are used (Barneet al., 1986,

Pr:i.l,cl.cr, C[ a]., l!78).’ I’heplasn~ aparameter~r~bimed,,

or( 2-1) CIC{  Lr~l] r\\;:i~urements  in the spin plane of ICE

witli  ii tcril],oril  resolution of 24s. The magnetic field

dat;i are a~cra~,~l over thesalne interval, but they are

giv{r, a< a 3 CWI1,I,  ,rlcr,t vector in a spacecraft centered

SCII:<I e{:]j~>ti[ syhi[r!i “J’hc  X axis points toward the Sun

w,d t},,- 1’ axi,+ tlwtrd dusk,  ‘l’he spin axis was perpen-

idiclllar to t:,lc erll~)(ic within at! accuracy of 0.5degrecs,

thus dcfi(lit~~,  tht Z axis. Since two conlponent  plasma

IIlca.urtl!)e)!ts  c)l]ly are available, all derived quantities

for (’.7 arc (Ict,r,,,i,cd irl thespinplane  X,Y o n l y .

J\}e }IavL u~[,~  KIIIly  data  upst ream from the  bow

st[c,cks. ]’or [la!liy wc investigate only the inbound leg.

‘J’hc t)ow  sh(d: i, (>t,scrved  on March 13, 1986at  19:23

[’1’ c orr~s~,o],d,l,y, to a distance c,f 1.15x 106 km from the

1, 1986). We have investigatedIlucl(. us (,\cl)},:tllc r I 1  a

tlIe rc~,ic,r(  frcl]l 1{ ?, x 106 Jcrn to 1.2 x 106 km to the cornet

~ frolrl 1c1,36 1]’J 1(, ; !):08 U“l’). l“c,r G-z the bow waves

il)bour,d  arid c,llt},.,ultd arc observed on September 11,

1 {185  iit  9:x) I.J’J’  ar(d 12:?0 UT, respectively correspond-

i[lg to di:,t:illces  of 1.16 x 1 05 km and 0.96 x 10S krn from

tl, c r,u(]cus,  ]r, t,c,u],c]  wc irlve-st,igate the time interval be-

tween 0000 (l’J’ at,] g:?4 tJT (8.2 x 105 --1,2 x 10skm)

a!, d outbou[lcr lxtv.  ci 11 1’2:25 U’1’ and 23:30 UT (1.1 x

105- 9.3 x 10:’ kr[l), 7’tle s~,atial  scale for Halley is one or-

Pago: 3 job:  vOf mbctc  : clj0bx2 dateltime  : 18-Ott-1996/12:48
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Table 1. IIalley inbound path, sig,ri(}: . v \ : { ]
.—

Tir,t< Distance in 10”  [kl,]
.

10 :57 :22-11:00 :42 3.21 - 3.21

11:34 :10-11:59 :46 3 . 0 6 -  2.!).,

12:03:54- 12:05:30 2 . 9 4 -  2.:l\

14:40:34- 14:49:54 2 . 3 0 -  2.7(;

14 :53 :38-15:24 :26 2 . 2 4 -  2.1’.’

15:31:22- )5:3S:50 2 . 0 9 -  2,(K,

15 :40 :02-15:42 :34 2 . 0 5 -  2.tI!

16:11:14- 19:08:02 1 . 9 2 -  1.2(
- — .  _ —  _ _ _  . _ .  . _  _ .

‘lkt,le  2. G-Z int,oumd  path,  sign(ll  \ ) . 11
-

l’intc L)istance it, 1C13 [hr,,]
-— .-. ___. — _ _____ _ ._. _ __. .._

00:00:49- 00:02:01 824-822

00:10:25-00:58:25 812 --75:<

01:17:37-09:22:01 729-. 1’2(,

der of ~rlagrlitude  greater  that, t},:tt fur ( , i ‘; t,, ,, ~~ol,

for this scale difference is the difitr,.  rlt F,? ],rI.,g  I( tier,

ra tes  a t  the  two comets ,  Q =- f? x 10:’HJ,,, I{ ~tlt .js at,

1.03AU  for G-Z ( v o n  Rosenvingc  et al . ]9’;5] at, Q :

7 X 1029 molecul&s/s  at, 0.89AU  for lIILII< ~ ~ }{ t<i],k ,v{sky

et al., 1986).

‘I’able 3. G-Z outbound pat},,  sigr, (ll v) : .+ ]
-. -— .

Tinle Distance ia 103  [kri,l
-. . ..— —— --— - .

12:28:36- 12:57:00 107- 142

13:01 :48-15:15 :24 1 4 8 - 3 1 4

15:17:48  – 16:36:36 3 1 7 -  41s

16:51:00-  17;01 :24 4 3 3 - 4 4 6

17:56 :12-18:18 :12 5 1 4 - 5 4 7

19:37 :00-19:43 :24 6 4 0 -  64s

19:47 :48-19:51 :24 6 5 2 - 6 5 8

2 0 : 3 7 : 4 8 - 2 3 : 3 0 1 2 716-  93C1

SGding  et al.

At all thrvc  irivwtigated  passages the magnetic field

],rirrlarily  ],t,i~,ts :,~ay  from the Sun. This is shown later

I,y t}lc sigl] of 1 t ~. ‘1’}Ic  inter~ra]s and distances where

11 is dilrcto i a~va.v  J’rc, nl the Sun are given in the Tables

1, 2 an,l 3 f:,l 8 s aId 24s averages, respectively. In the

calc,]lat  ml S]IC(J a f(,r Ilalley,  130 is directed towards the

Sun only l)ctwwr,  13:36  UT and 11:10 UT (3.3 X 106 –

3.2>: 10’; krI),I arlc! ar]ut,d 15:09 tJ1’ (2.2x 106k1n) and for

the irlbouf,cl Ift, jr ( ;-Z 110 is always directed away fronl

t},c SIUI,  or,  t}(< {,ul. tmund  path clf G-Z except for 16:41

lJrJ’ (() 20:31 L1’1 (4 2 x 10 5  –  7.1 x 105km)  J30 p o i n t s

away fr(ltl! tlic .S1] [1,

‘3( ct)ir,~,uti [],( cncIgy density spectra we used 512

data })oirit> f~,r  Lli(  1 ‘c,urier tra~lsfornl  in the case of IIal-

ley a,d in  caw of (; Z 128  successive points with a run-

r,ing avcr:Lgc OVC]  ,L ;il)d 3 estimates, respectively.

IT I’ig,. 1 ar)d Fig. 2 the specific and total energy

dclisi tic, 1}1(: I;ls;i.ssrr ratio and the normalized cross

hclicity  i[,te{,rd[dd over the frequency rangea l-3nlHz

al,d ~{ 60 JJ)IIY. a< a f’u))ction  of the distance to the nu-

CICUS  are s}1ow11 II) t}lc frequency range 1-3  m}lz (Fig.

]) nc, influc~,: c d,. J,cl, dir]g on the distance to the comet

is obwrved.  1“ :, )? indicates  that  waves  propagat-

iilg J>arallc] to 1]0 c1 lrllirlate. ‘The total energy density

]> rc,u!,}l Iy cc,l,<lar,t. IT, t}le frequency range 3-60 mHz

(Iig. 2) tl,c il,fiuer,ce c,f the comet is clearly visible. This

i~ t}lc fr(quellcj rarIl,e at and above the gyro frequency

(,f the wfatcr f,rf.,ur, i}rls (2?- 5 rnI1z during this interval).

‘J’})e eiIcI  p,y dfl,<ity  (,!’ waves propagating parallel to 130 is

{ onsta~~t  ill tl~is fr(qucrlcy  range, but the energy density

(,f the antil,aralltl waves increases during the approach.

PagQ : 4 job: vtIL micro:  Lljour? date/tine : 18-Ott-1996/12:48
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,Or. . , - . - 7 – - - .  - T . — . —  ,  _ .  ,

3: 3,:)0

outside (,f 2.3). 1 D’” k ,n waves propagating away from the

SUII (lmrallel  iII J:c,~ dol,[inate  and closer to the comet

wal,c.,  pfo]]a[r,al  II){, t, ,ward  t}lc Su[t (antiparallel  to Do)

(~onli]latc. ‘1’lIis (l,)IcI,deI,ce  of the distance to the cornet

]< also s}lc,wri il, t)lt ) ‘] S&SSCI ratio and in t,he n o r m a l i z e d

{ tcms  IIcl)city, (~1[);( t,, the cornet  the cross hclicity  is rel-

ativclv  high (,- 0.6), t~ut there are still two wave modes

I~roI,ag,atiI,L ill c,l~l,osite directions. l’he  increase of Etot

+ 1 --L/- --F’””y 1  - - - - - - - - - - - - - -
L1

L- .L _.—L__.,... -–....._ t 8

1.00 1.25 1.50 1.75 2.00 2.25  2 5(1 ; 7!!
1.0 -’ ~ ----—7—T-–- r , ,.-?

..Q 0.5

‘[

-~”1.
:

‘“..
0 . 0  - - - - - - - - - - - - - -  - - - -

: -0.3e
u -,.0 – L . — . * .  ,,,

1.00 1.25 1.50 1.75 2,0Q  225 2.:,CI z t: :. w J , .7.50
(listonce  to the CorI,t I b, 1  c.:, 1}.,,

Fig. 2. AS Fig.  1, but for t},=  f r e q u e n c y  ,ti.,t,<  ,,( :+ I) .,,11. ,.I, ow

the gyro frequency oi water group ions.  .4

tancc  is observable for ,3+ , but not for J ‘“
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}Jor G-Z t h e  r e s u l t s  a r e  noi as ,1, ,, ,. i:,, [ i alley,

but  a  s imi lar  clepcnderrce of the (Iis[,a) ( i s r, I t,oth

CO1llctS.  ~’lle g y r o  fre(]uency  c]f 1111:  u.;l,  r ?,r 11)[,  i, ,Its  1s

a b o u t  ‘i’rn]fz  o n  t h e  inbouncl  arid :IIJII\t( II!II! II( tb(

out bouricf  leg. ]n Fig. 3 the s[, < cific aII(l tvt:ll , lcrgy

d e n s i t i e s ,  the Elsikser  r a t i o  a!d t},, ,,,,: I,,], I y fc,~

the range 6 -? Ornl Iz fc)r both  irl},c,l]rl,~  :itiri ,,11 I,(L () are

shown. Note that all the variable- a]t  ,i,lhlii,  .:1 tI1.y ill

the spin plan and the part c,f t)c (l IIt I 11:.,(,:1.  ( II ,sicfc

the ecliptic plan are not taken  ilto a, ~ .,(1 t ‘] ’1, .:one

evolution is clearly visible for t}]c irll,(,llrl,l al, ! !) c,~lt.

bound path. IJIJ to 450,000krn  tc, t}le cc,tti t I [] f, 1 ,vin~:

r e l a t i o n s  llO1c I: E+ R E-, RE = 1 2LII, I 1(1, I : Il. ,~ ,.u In

iug nc, ncorrt~lrcssive waves, this rf.~ult ]S f J.JI;.1 Irt. I:, th(

preserlce  of two oppositely propar,;,(  i\, f, ( !i ,1 ,.~,,l Ii .udr

waves. C)n the other hand rlorlliri(ar  C{.,  ir, l, , :...; \,, ,,, ;,ves

nlay  perhaps  g ive  the  sartle  resul (-:. II(>ii, \, I, } ((llds

to be a little bit }lighcr than I;+ t}lrc,u[,,l,(i~l tl,)~ [, ; iod.

C l o s e r  t o  t h e  c o m e t  t h e  relatic,r,s  c},:;,,?, 1 I : 1-,

RE < 1  a n d  IUcl > (I. In  th is  caw t)i(  il,c ;.,, [ ‘ 1,’,.,

i s  carrlcd  by l,;”~ and  E— . lhc.rcf(,l,:  (], ,V ~ , ( l,{ :Irl]et

w a v e s  pro~jagatirlg  tow,ards the Sutl {~ ,Ir)il ;it ~ ?] ] f a r

away from t}le corrlet  waves pro~, a[,,:iti(, [,, tiv ~j f r, v:, t}, c

Sun tend to bc slightly more iil]lx,rtal,t

‘l},e peak  c>utbound  a r o u n d  5b0,0u0  kIr,  ,. ,, (,s 1 b y

a decrc~se  of 11 to 2.5 nl in this rt[,,i[~j

III summary wc observed the sil])il;j! ~,},c cltl,cj,  t, fc,r

]Ialley  and G-Z for fluctuations wltl,  f,, qu[ c,, . t ,,l,er

t h a n  t h e  w a t e r  g r o u p  ion gyrc,  f!cquci,ty  t?t ~, . :.ter

distances from the comets the do)l,irl:i,,[ w AVV. ] ( ,~,a-

gate parallel to the background n]agr,( [if fitl I 1 :C, (, !,ich

Sbding  et al.

pc,i),t$  I))c)stly  o(,tw;rd  from the Sun). In case of G-Z the

specific erlet g’v (l, II .it,y c)f these waves is only a slightly

largtr tt,a(l  tl, at for the antiparallel waves. But closer to

the  c(mlct~ the 1 l~iv+rr ratio reverses. Up to distances of

:1.3 J 106 kr,t fc,r Il<il cy, 4.4 x 105kn~ inbound of G-Z and

:,.9>: ]Os k],) (,~ltt ,(,u~ ,c1 c,f G-7, waves propagating antipar-

alle] 10 110 dolliiri:~t< Close to t}~e cornets 1.30 is directed

awa]’ fI(llll tll( SIIII  irl all three czmes in Fig. 2 and 3,

s:, t]lf r!, ost ~il,:,t ~1]1, wa\res are propagating towards the

Su[i, ‘1’IIC  c r<,+  }Iriicty of G-Z is clearly smaller than for

1 Iallty close tc, tl , c rr,et. ‘J’he reduced cross helicity  inl-

~,lies tb:it waw~ pcc[,aSaLing  in c~pposite directions are

F,fJ1l~l :it~d at (j ~ \\ llel(’a~ alltiJlalallcl VfaVeS  W2 IIIOIe

dc>rlli!lallt at IIaltf y ‘1 ‘h is effect is also seen in the in-

rreas: of 1’- d))r IT I{; the approac}l at G-Z. Although the

cller~,j  (Icflsi[ics arc ,c,r]lpared at G-Z, in two dimensions

t,l)ly,t ILe:,, ar( ,5 til,jt . t,ig,ger t h a n  a t  lIallcy, i n d i c a t i n g

tl(at :,(roll~,er wav(s were generated at G-Z compared to

}ialley  (’1’sur.ltalti,  1!)91).

:{ (jt,se~vcd ;II,(I ],tcdictecl w a v e  p r o p e r t i e s

))ue  t:, t},e JO1, cy(l ,tlorl il,stal,ility the cotnetary ions in-

!cract re.or,  ai, t]ywl L~,, t}lcplasma waves andwillbes cat-

tered irl~)itc},  al,[,l[i.’l’}lc,rrle  and lsurutani (1987 )have

pcovidccl a dt<(ri[,tiotl  for the conditions under which

tl, is c,ccurs (SCC al~,) Ncut,auer  et al. (1993), Soding et

al., 1995). ‘J’t, rc( v.,ivcnlc,desare possible. In the solar

v:ind flallle, tt!~se art. rig}lt,-hand polarized waves trav-

eling  toward:,  ttlc  Surl (1(}1-)  and left-hand polarized

Page: 6 j o b :  YOS m?,<ro:  clj01tt2 dateltine: 18-Ott-1995/12:48
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w a v e s  p r o p a g a t i n g  t o w a r d s  (1,11’ ) atl(l ;t), ,],, f((, II t h e

SUII  ( L ] {+ ) .

]YorIi  t h e  ion  cyclotron  rcsol,a])c~  [ (,1,  ,li  ill  t,) , [}ICJ

wit]]  a  t w o  Car[lporlc[lt  cold ]I]aSIII:I  IIjtJrlt  ! r. II ~)  .,:)lar

w i n d  protol)s  and heavy water ~,rou]l : <,lrl(  I ‘i!; )01)s

‘~hor],c a n d  ‘~surutar,i  (1987)  ot]tai], a  r,:., aT,I ,: ,I,di.

tion deperidi]lg on the dirnerlsiol)-]c.s  H( ],-1 ;i]i ,,(,,  ..1 ,4, fv~rl.

M a c h  nu[t]kr MA, = V,w . cos cr/IJ,A, ‘J’t~i. c ,11 ~iti( I dc-

PCOCIS  also on the heavy ion rriaw ?{I , al)tl ~.t), r,’ L( ive

[lurnbcr  density of heavy ions T/+ NC ar L}, ( tj ,W :,~,r,ck

o f  IIalley  m+ = 18 (}~z~ i o n s )  a n d  1/+ :- I () z \v~r, ob.

served whereas of cornet G-Z m + s 18 a~)d ~lj :- 10“ 1. III

Fig, 4, ‘I”IIC IIIaf,rIf  tII field niagnitude  B, the solar wind velocity

V , t},. xIIF,  [e c., tl,  c Al fv4t,  -Mach nun,her  MA.,  the sign of  B  v

and tl, c rclalivc !,,I,,Ii,cf dcr, sity  of }Ieavy  water group ions T)>120

a. a fun: ti(,  t, (f ti[,, c z.r< displayed fc,r the inbound path of IIalley

uP~tr~’a~r,  Of t’,, l~OU 5? ock.  C)ne  parlel  shows the prcserlce of the~

retie!.lly I,J, di[  ted 1(}/ , lfl+ and l, H- wave ruodes  t,y presence

r>f arc ,,ws. lr, t.l, r s, \cr  .h arid  eighth panel are the specific energy

{Ier, sitie<  ~’:’  C(  watt  . !,!u  L,ag.+til,  g towards and  away from the Sun

and  tile  ;“1 s”..,.’,  r,, t!c! ) ‘- /k;+  shown. In fact of the ~L,ser=tiOw%

.x[,c, (PCF  v,*v.  I,,c,cIc. ate sig,r,ccl by “+” n,odc and ‘-” mode. see

alw tt~t,

the irltcrac  tic,ll rctjt It c,f the cornet with the solar wind

~/+ cirwrea~e> ex~,c~]lcrltially  with increming  distance to

tile  c(,nlct.  ‘J’}iis lffafls to constraints for the excitation

of various wav( I,,)c,!s, )tcsonant AH- rllode  waves be-

low  a Irlitlir,u~tl  v,iltc. of MA, (which d e p e n d s  o n  q+)

arc no ]cIIlger cx< itwj \Vhile  for the 1,11 mode nc) limita-

tion orl tlIe excit;ilIoIJ  wit}l respect to MA, exists. At the

:.:ir~,c tirr, e dif[c[~r,t \ravcs modes can be generated. AS

t}lrsc waws ~,row to lart,c  aniplitudes and compete for

t’l,c availiit,le  fr<f eI,cJ gy, t}le instability with the largest

F,r OWth rate wilt survive.
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Fig. 5. A s  F’ig. 4, but for t h e  int,ou,t<l  I,H(I,  <( ( ,;,,,1,,,,  /I I,IKI,

All variables are only calculated frc,r,,  tmo [h,, < ,,s ., .

(see also Ncuhauer et, al. (1993), Si,cli,,  ~, t ,+1 ( ]s

98; )

)) the

cept for cr =  90° .  I t s  wave  grolvl}l  l~! c . ];iry, I tl,au

that of the 1,11-

thati  that c,f the

L., ] ,—-—. _. _.*_____ .4  _.. I

I,, 010  ‘J’’&:,  y:. “y
—. —--———

j+ ----
c o.rll

I
-–-”-”’-—%+———— . .

,.. . . .  .  .  .  .  .  ..A—L
12 1.> 14 1!, lU 17 18 19 20 21 22 23 24

>!,4 Lrr

Fig. G. AS F“ir, 5, I,{!t  {(,r  tl,e outbound path of Giacobini-Zinner.

h arlcl 6 show t}ic IIlaguitude  of the magnetic field B,

the solar  wir,(l v(I(,. ity v, t}le angle a, the field aligned

Alfv<n-hfac],  rl(,l,,l,rr  ,t’fA,,  the sigrr of 13. v, In case of

.~igr, (].] V) : -t I tllc rl]agnetic  field is d i r e c t e d  a w a y

from tl,c  SUT,  al,ci vice versa  for sign(F3 .v) == -1. In the

lower pal,el  the I, lative number density of heavy water

~roo~) il:,r,s 71J;2C,  is shown. For the calculations we used

the II ICId  Cl c,f IIu<ldlcstcm et al. (1990). The sixth panel

illdicatt,.s t 11(: ],rcs,:l][ e c,f the theoretically predicted wave

roodcs  1{11  - , 1.)1’1  and  LH - b y  t h e  a r r o w s .  LH+  de-

scril  M’s a waw ri ,c,dc propagating away from the Sun and
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WaVc  Energy  ‘1’racrsport  at Halley  ar,d C,.;’

lUf  - a n d  1,11-  towards the Srrn. ‘J 1,( I,t,ld r :.[[, ), }La\c

t}lc largest wave growth rate alld arc ( II’ I( (C I I 1 , wavt

rncdc  expected to dominate. A]ri, v:s I,oi),( II!, fIIIII right

t o  l e f t  a r c  antiparallcl  to 11~ a], d al I ()\\, fI, III  Ii ft to

right parallel. Two other panels dis~ll;t) t I e L.JIL I II(  e]l

cKgy  densit ies E* ancl t h e  Elsiiss,l  IiIl III  + , 11,1 I IL: frt -

qrrcncy range  3-60111112 in case [If hall I\ 11(1 (; ~ llInIIY

in case of G-Z. 1’0 compare  t}l( I)r( ,Iil 1( ! ,r\ a\, ) [ Iod<

wi th  E* with respect to the SU[, , it i. IIP  ; < .tlj t,) usc

–li ins tead of  IJ,’if the  radia l  (oti,l,{,l,.  II+ c ( 1! s CIL

rcckd towards the Sun. ‘l’he till,t,;  v,}l~]~  i lt I.. } Il!IIcqIs.

are indicated  in the sign pane]  all:] },:l\ ~ 1,( [i 1 (), 1 ]o]leci

a b o v e .  The  e x p e c t e d  w a v e  niod, a], Il,;l L ( *.\ II II “-I

nmdcn if lJ– >  JJ+ and with “- rll(,,.i[”  ii } :>/’ ill

these pa~lels.

‘1’he r e s u l t s  of Fig. 4  a t  }liillC~  a,, t) !, s rHIII*a

rimd here, since they have t,ecll [!(.{ r il ,,: ~ .1, [i r ,.il i[]

Soding et al. (1995). In general c,l,wI,,{l  ,,,,, ~,r I,cte,l

energy flow directions agree, exr~i, t t,! LV;( .I, I; I and

13:44 U“l’ w h e r e  there is a clear dis~~,,t<  ~, -,t .[ th is

interval, t}le observed is a “-{.” JIICId( aII ]Il((il’  .f’ci 3

,, n rncjde, During this time in tltt. \\:{(<.r I IVIIF.  : II dis

tribution t]je i o n s  are n o t  Olmcrlffc!  al (1 . II IC i!  I)oint

of ])ick up, Stiding et al. (1995) (-,])(lu,I(, t’ ;il t,], { Naves

have been generated under pick-up (xtt,r~ lti r, t t :. were

diff’crent froi,l  the local  observed ,c,,l,dlt), ,[,.

I)rrring  t}le i n b o u n d  trajecto~y  *I (j 2 ( I IF, ‘,) t}ie

R}l  - nlode  i s  e x p e c t e d  t o  bc ex, itcci d\lrl~ t}lf i,lter

vals OO:1O-1 :59 a n d  2:03-9:24 u’] ariti it a ,wI,,!,s  1 ;..< the

largest  wave growth rate except k,t( v:(c], 1 :0”/ iil  I 1:17

U1’. Only t,etween  ()():00 ancl O(J 1011’1’, ~ ,[)’, ar 1 1:17

9

UT and 1:59 atl(~ ;’:03 llr~ the LH~ mode is expected

to It the dc)lllll]ar)l one. The 1,11-  mode should never

l,e cxcitrd, ‘Jlic ol,:.ervat,ions show a “ -“ mode between

5:15 arid 8:[)8 lJ’1 aricl a “ +“ mode during times before.

Ind(rd i], ~;l~t’ of III ,I(cc,]llpressive waves the ~kkser ra-

tio ir, dl[ate. i), ttI<  ear]icr  region the existence of two

wave rllnclcs v;it }, ~ J,]~c,si Le propagation directions, but

wiL]\  ncar]y  t]lc SLII. C crlergy dens i t i e s .  ‘J’he t h e o r e t i c a l l y

J,re(lirtioll  :lIICI tt, r [,l~scrvatioris  agree only in the region

CIC)SC  to ttlc cur[lct w}, ere the “ —“ mode is observed.

I’url},er aw~y w],(r) l;’l v k’- no agreerrlent  is found.

011 t}ic cut.1,.~{11 :1 ]Iat}l of G-Z (Fig. 6) the situation

is rr(c,r(  CCIIIIJIII{  aIP 1. ‘] lIe ItII - i s  expected  dur ing  the

tir[tc i[, tervals  1;’ ?fi 15:07, 15:19.15:56,  16:31-20:44 a n d

70:5323 :17’  (I 1’ OIIly  during 16:31.-16:37, 18:19 -18:2S

ancl 21:09 71 ::)N ti’J tl]c 1{}1- mode does not have the

largc~t  ~,rc,wt]l w Av( rate and is not expected to be dom-

inarlt  a t  t}lrs< tillLc ‘1’he 1,11+ mode is expected to be

excited a],cl t{, I,( cl.,rr, ir,ating between 15:07 and 15:19,

15:56 a[, cl 16::{’;, 1/:)9 and 18:28, 20:44 and 20:50 a n d

21:09 arid 21 :?8 11’1’. ‘1’he 1,}1- mode is only expected

fc,r 3 shc~rt t ir[lc inl crvals. “1’}le observations shows the

,> - “ lJlmle l,~tv,(ct,  1?:51  and 16:00 and 16:24 and 20:42

(J’J’ an, i the ‘ I “ II IO(IC during the interval 16:00-16:24

ancl 2!0:42 t?:{ :(]fi [1’1 For  the observed “--” mode a clear

agrcwrllcnt }$ it}, t IL( thcc)ry is found, also for the ‘+”

JllCId  C k,ttv{c, II 1 t; O(I arid 16:24 U’~. A discrepancy is o~

served durir]~,  70:,12  arlcl 23:05 UT.

‘J’}Lus  at C;-Z  lil:r  at  lIalley,  there is agreement be-

t wecrl ol]scr t’atic,r,s ancl predictions in the regions close

tc, t},c cc,l,,ct.  IIIIL t tie question arises, why at G-Z only

Pago : 9 job:  v(!, m~crc:  cljc.  u:2 date/tiwa  : 18-Ott-1995/12:48
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inslcfe o f  433,000krn  (5:]5  U’J’) I[,t,(,,]r,(!  ,IT, I i,’.idc  o f

720,000 knl (20:42 LJT) outboolll?

q’he re]ativc  n u m b e r  o f  Lhe iwavj  \\ 61 (r !,,!( )IJ ion<

?)~{~o shows a dependence of th{,  cfis[:~,{ , tt, 1,)1 [ oIIlr-t

which can answer these questiol}. lkLv.t r], III  (ICI  : II 5:0(1

U’1’ iubound  and 20:30 and 23::{()  U J’ IJIII,} .)1111(1 ;,!,O js

nearly constant, During further 3},~~i~Iw 1] ~,~l,!, i] ,cascs

ex[lonentia].  For this time inter!  al V( l<,L ,,<i t }1 ~~ cjrrc

spolldcuee  of t,be  predictccf a[ld ol,s,. I \ ,  , I  v, ,vt Irl(dc<

l’his in,plics  that the region of t},, ir,fi,,r,,r o! :1, ~ :Jn],t

to the gel,eration  of waves is lir,, ilcd 1 I,r(jw 1, H,, ,-,tic<-

able increase  of 7)}[20. Outside c{ t}(i I h i ifi II I c of

the  p ick-up  ic]ns could be neglect,  c1 ;,t,l III III(I i ,ic,l]s

m a y  be intrinsic to t}lc rrndistutl,  cd s~,l~.r ,\i~, l, ‘, licse. s

Fluctuations are nlost often ~,rc,[,;i[,:ht  i,,~; a,.,+. fI,  ,;,  the

SUIi (Bclcher  and  Davis,  Jr. , l!!”~l),

Sirrlilar  studies have been dc~rlc at },/t : r ii 1, ,sk,j( I, rup,

w e r e  t h e  pl~srna  conditior]s  arc (Iuit[ (Ii(i{ .,.Ii  I. L ,:+ r, at

lIallcy and G-z .  Neubauer  et al. (15!)3) ],r, ii t< i fl -

a n d  I,}f+  ~IlocIes upstrcani of the  I,(,w s}t(,ci  a t,d L ,) ass

mcier  and Neubauer  (1993) observe,.i 1[(’~ l~i.  II< 1) II II izccl

waves  in these  regions in the l]eak spc:  i.r:ll  ~)(,  ,,,  et ,1’ t](c

magnetic field.

4 D iscussiol~ and Summary

The regions upstream c,f the bow dlc,i:ki )1, III I(I. I I l e g

of Giotto to cornet p/Halley and Lhe ir,l~{ ,uIKI at)(~ ,:,ut-

bound legs of ICE  to colnet  p/G’/, ar< {.,l,l,:,rt.]  i, ith

respect. to wave energy transport. ] )II! illf,  All t} r<,c  :1111 dr.

vah similar p[~qna condition are c,t,g,:l \(.;l ::1, ,,<, { , the

S6ding et al.

bc,v: slock~  tl,c ],, a ?,r,ctic field is quasi-parallel (a < 45°)

and it is furt),  (,r (,] tsidc  qua.si-perpendicular (a > 450).

‘1’his ilidicatcs thnt one expects similar waves and similar

waves art ol)srr tit,il

‘]’hc Sl,[ ,ifi~. cr,rgy clen.sities I;*, the total  energy

den:i  ty ~t,,;, as v. c] I ZL$ the ~kiksser ratio and the cross

hc]i(ity  f(,r fr({lucr, - ies },igher than the gyro frequency

}Iavr tl, c sarltr d(] I~IIdeIICe on t}]e distance to the nucleus

at tl, c {~vo  (t,r(lc t< i,ut, oil different scales. The  factor of

35 ~lea(rr [I,ac ],] c,, iuctic,n rate at Halley compared to

G-Z I)I(,CIUU< a), irlteraction  region that is a factor 10

Iargt. L II, tlc i,il r.cti(,n regions, mostly waves propa-

~,atil,~, anti~,:tr,ll(t L! J![, are geaerated with Do pointing

awa~ frur,l tllc Siit I ‘J’his is clearly seen during the whole

regi(!]~ i;)\,cst]F,:Ltr 1, ln]L also at G-Z for distances closer

than 4,1 x 12:’ kr{, irt]ourld  and 3.9 x 105 knl outbound.

l’urtl,cr  outsidt  of (; Z t}, c energy density of the fluctu-

atioxw proJ,a~,;itill~, in olll)osite  directions are nearly the

~:ir,, t ~r~(]  t},f. il,f]{)c r,ce of the cornet could be neglected.

‘1’lle cc,l,i],arisorl (c)f t},e observed wave energy traus-

lmrt  dire,tlot,s  wi( II the predicted 1{}1- , and Lff+ and

]. H”- rood{s ov;i r,[, t:, tllc ion cyclotrc,n resonance  indi-

< atm in ,gCll(riil  a g, ,od agreement inside of the kflu-

(I, CC ]i,gir,ll c,[ tt~r colllct.  In all three passages the RH  -

IIjode hav{ b(:c[l dri}t,ri unstable by the pick-up ion in-

slabi](ty.  ‘J’he ar,aly~t~ of t}le Ek&ser variables leads  to

~egic,lls of iriflucrl~ c at (J-Z up to 4.3 x 105 km inbound

al,d 7 Y x 105 k,II out t,ound and at the inbound path of

IIallcj up to 4,4 x. 1(1$  klrl which was previously inve-sti-

g~tecl
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